A combined proteomic and targeted analysis unravels new toxic mechanisms for zinc oxide nanoparticles in macrophages.
The cellular responses of the J774 macrophage cell line to zinc oxide and zirconium oxide nanoparticles have been studied by a comparative quantitative, protein level based proteomic approach. The most prominent results have been validated by targeted approaches. These approaches have been carried out under culture conditions that stimulate mildly the aryl hydrocarbon receptor, thereby mimicking conditions that can be encountered in vivo in complex environments. The comparative approach with two nanoparticles allows to separate the common responses, which can be attributed to the phagocytosis event per se, from the response specific to each type of nanoparticles. The zinc-specific responses are the most prominent ones and include mitochondrial proteins too, but also signaling molecules such as MyD88, proteins associated with methylglyoxal detoxification (glyoxalase 2, aldose reductase) and deoxyribonucleotide hydrolases. The in cellulo inhibition of GAPDH by zinc was also documented, representing a possible source of methylglyoxal in the cells, leading to an increase in methylglyoxal-modified DNA bases. These observations may be mechanistically associated with the genotoxic effect of zinc and its selective effects on cancer cells. The responses of the murine J774 macrophage cell lines to two types of metallic oxide nanoparticles (zinc oxide and zirconium dioxide) were studied by a comparative 2D gel based approach. This allows sorting of shared responses from nanoparticle-specific responses. Zinc oxide nanoparticles induced specifically a strong decrease in the mitochondrial function, in phagocytosis and also an increase in the methylglyoxal-associated DNA damage, which may explain the well known genotoxicity of zinc. In conclusion, this study allows highlighting of pathways that may play an important role in the toxicity of the zinc oxide nanoparticles.